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DUPLEXER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to duplexers connected to an 

antenna terminal in a communication apparatus, such as a 

mobile telephone, and, more particularly, to a duplexer 
including a reception ?lter that utiliZes an elastic Wave ?lter 
device including a plurality of IDTs arranged on a pieZoelec 
tric substrate. 

2. Description of the Related Art 
Components included in an RF stage connected to an 

antenna in a mobile telephone have been combined to enable 
miniaturization of the mobile telephone. To achieve the min 
iaturiZation, a duplexer including an antenna terminal, a 
transmission band-pass ?lter, a reception band-pass ?lter, a 
transmission terminal, a reception terminal, and an output 
terminal is commonly used. Furthermore, a balanced 
duplexer has been developed in Which a balanced band-pass 
?lter having a balanced-to-unbalanced conversion function is 
used as a reception band-pass ?lter. Such a balanced duplexer 
includes an antenna terminal, a transmission terminal, a ?rst 
reception output terminal, and a second reception output ter 
minal. 

Japanese Unexamined Patent Application Publication No. 
2003 -249842 discloses a balanced duplexer illustrated in 
FIG. 16. In a balanced duplexer 1001, an antenna terminal 
1002 is connected to a transmission ?lter 1003 and a reception 
?lter 1004. The transmission ?lter 1003 has a ladder circuit 
con?guration in Which a plurality of surface acoustic Wave 
resonators are connected in a ladder arrangement. The trans 
mission ?lter 1003 having a ladder circuit con?guration 
includes a transmission terminal 1005 at one end thereof that 
is opposite to the other end connected to the antenna terminal 
1002. 
On the other hand, the reception ?lter 1004 includes an 

input terminal 1006 connected to the antenna terminal 1002, 
a ?rst reception output terminal 1007, and a second reception 
output terminal 1 008. The input terminal 1006 is connected to 
3-IDT longitudinally coupled resonator surface acoustic 
Wave ?lter portions 1009 and 1010. The longitudinally 
coupled resonator surface acoustic Wave ?lter portions 1009 
and 1010 are connected to 3-IDT longitudinally coupled reso 
nator surface acoustic Wave ?lter portions 1011 and 1012, 
respectively. The longitudinally coupled resonator surface 
acoustic Wave ?lter portions 1009 and 1011 are cascade con 
nected. The longitudinally coupled resonator surface acoustic 
Wave ?lter portions 1010 and 1012 are similarly cascade 
connected. 
One end of the center IDT of the longitudinally coupled 

resonator surface acoustic Wave ?lter portion 1011 and one 
end of the center IDT of the longitudinally coupled resonator 
surface acoustic Wave ?lter portion 1012 are connected to 
each other and are then electrically connected to the ?rst 
reception output terminal 1007. The other ends of the center 
IDTs of the longitudinally coupled resonator surface acoustic 
Wave ?lter portions 1011 and 1012 are connected to each 
other and are then electrically connected to the second recep 
tion output terminal 1008. 

In the reception ?lter 1004, the ratio of input impedance to 
input impedance is set to about 1:1. Furthermore, as described 
above, since input electric poWer is distributed betWeen the 
longitudinally coupled resonator surface acoustic Wave ?lter 
portions 1009 and 1010 in the reception ?lter 1004, the poWer 
handling performance can be improved. 
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2 
Japanese Unexamined Patent Application Publication No. 

2003-347964 discloses a 3-IDT longitudinally coupled reso 
nator surface acoustic Wave ?lter 1021 illustrated in FIG. 17. 
The longitudinally coupled resonator surface acoustic Wave 
?lter 1021 includes a ?rst IDT 1022, a second IDT 1023, and 
a third IDT 1024 Which are arranged along a surface acoustic 
Wave propagation direction. The center IDT 1023 includes a 
?rst sub-IDT portion 1023a and a second sub-IDT portion 
1023b Which are obtained by dividing the center IDT 1023 in 
the surface acoustic Wave propagation direction. The IDTs 
1022 and 1024 are connected to an input terminal 1025. The 
?rst sub-IDT portion 1023a and the second sub-IDT portion 
1023b are connected to a ?rst output terminal 1026 and a 
second output terminal 1027, respectively. 
The 3-IDT longitudinally coupled resonator surface acous 

tic Wave ?lter 1021 can be used as a reception ?lter in the 
above-described balanced duplexer. In the longitudinally 
coupled resonator surface acoustic Wave ?lter 1021, a ratio of 
output impedance to input impedance is set to a value greater 
than about one. Accordingly, if the longitudinally coupled 
resonator surface acoustic Wave ?lter 1021 is used as a recep 
tion ?lter in the above-described balanced duplexer, imped 
ance matching betWeen a balanced output including ?rst and 
second reception outputs, and a balanced input located at a 
subsequent stage of the reception ?lter in a mobile telephone 
can be easily achieved. 

In the balanced duplexer 1001 disclosed in Japanese Unex 
amined Patent Application Publication No. 2003 -249842, the 
poWer handling performance is improved in the reception 
?lter 1004 as described above. HoWever, if the ?rst reception 
output terminal 1007 and the second reception output termi 
nal 1008, Which are included in the reception ?lter 1004, are 
connected to a balanced input included in the subsequent 
stage of the reception ?lter 1004 in a mobile telephone, 
impedance matching cannot be achieved since the ratio of 
input impedance to output impedance of the reception ?lter 
1004 is about 1:1. As a result, a large ripple is generated in a 
passband. 
As described above, if the longitudinally coupled resonator 

surface acoustic Wave ?lter 1021 disclosed in Japanese Unex 
amined Patent Application Publication No. 2003-347964 is 
used as a reception ?lter in the above-described balanced 
duplexer, impedance matching betWeen the reception ?lter 
and a subsequent stage can be easily achieved. HoWever, the 
longitudinally coupled resonator surface acoustic Wave ?lter 
1021 does not have su?icient poWer handling performance. 
Accordingly, if the longitudinally coupled resonator surface 
acoustic Wave ?lter 1021 is used in a duplexer, the longitudi 
nally coupled resonator surface acoustic Wave ?lter 1021 can 
be easily damaged by the electric poWer supplied thereto from 
a transmission ?lter. 
A relatively large amount of electric poWer enters a recep 

tion ?lter, especially if a transmission ?lter is a ladder surface 
acoustic Wave ?lter having a ladder circuit con?guration in 
Which a plurality of surface acoustic Wave resonators are 
connected. Accordingly, in this case, higher poWer handling 
performance is required for the reception ?lter. Accordingly, 
a ?lter having insu?icient poWer handling performance, for 
example, the longitudinally coupled resonator surface acous 
tic Wave ?lter 1021, cannot be used as a reception ?lter in a 
duplexer including a ladder surface acoustic Wave ?lter that 
functions as a transmission ?lter. 

Examples of a surface acoustic Wave ?lter have been 
described. As similar ?lters, elastic boundary Wave ?lters are 
knoWn. Similar to surface acoustic Wave ?lters, elastic bound 
ary Wave ?lters include re?ectors and an IDT, Which are made 
of a thin metal ?lm, on a pieZoelectric substrate. For example, 
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an elastic boundary Wave ?lter is obtained by providing anAl 
?lter electrode including an IDT and re?ectors on the surface 
of a piezoelectric monocrystal substrate and providing an 
SiO2 thin ?lm having a su?icient thickness on the ?lter elec 
trode. The SiO2 thin ?lm has an elastic constant or density that 
is different from that of the piezoelectric monocrystal. 
Although the principle of operation of elastic boundary Wave 
?lters and the structure of elastic boundary Wave ?lters are 
similar to those of surface acoustic Wave ?lters, the elastic 
boundary Wave ?lters have a solid layer disposed on the 
surface of a piezoelectric substrate. The elastic boundary 
?lters are operated by the interaction betWeen an IDT and an 
elastic Wave (elastic boundary Wave) propagating through the 
boundary betWeen the piezoelectric substrate and the solid 
layer. In contrast to surface acoustic Wave ?lters that require 
a package having a cavity to protect the surface of a substrate, 
boundary acoustic Wave ?lters have an advantage in that they 
do not require such a package having a cavity since a Wave 
propagates through a boundary surface betWeen a piezoelec 
tric monocrystal substrate and a thin ?lm. 

Surface acoustic Wave ?lters operate using a surface acous 
tic Wave propagating on the surface of a piezoelectric sub 
strate, Whereas elastic boundary Wave ?lters operate using an 
elastic boundary Wave propagating through the boundary 
betWeen a piezoelectric substrate and a solid layer. Basically, 
both types of ?lters have similar principles of operation. 
Furthermore, similar design methods used for these types of 
?lters. 

SUMMARY OF THE INVENTION 

To overcome the problems described above, preferred 
embodiments of the present invention provide a reliable bal 
anced duplexer that includes a reception ?lter With a bal 
anced-to-unbalanced conversion function and a transmission 
?lter and is capable of easily achieving impedance matching 
When the balanced output of the reception ?lter is connected 
to the subsequent stage and preventing the reception ?lter 
from being damaged due to electric poWer supplied to the 
reception ?lter from the transmission ?lter. 

In the preferred embodiments described beloW, description 
Will be provided With reference to a surface acoustic Wave 
?lter. As described above, hoWever, an elastic boundary Wave 
?lter having substantially the same electrode con?guration as 
that of the surface acoustic Wave ?lter can provide substan 
tially the same operational advantages. 

According to a preferred embodiment of the present inven 
tion, a balanced duplexer includes a transmission ?lter having 
a ladder circuit con?guration and a reception ?lter. One end of 
the transmission ?lter and one end of the reception ?lter are 
connected to each other and are then connected to an antenna 
terminal. The reception ?lter is de?ned by a balanced surface 
acoustic Wave ?lter device that includes an input terminal 
connected to the antenna terminal, ?rst and second reception 
output terminals used to obtain a reception output, a piezo 
electric substrate, and a plurality of IDTs provided on the 
piezoelectric substrate. 

In a ?rst preferred embodiment of the present invention, in 
the reception ?lter, a ?rst ?lter element and a second ?lter 
element are de?ned by the piezoelectric substrate and the 
IDTs. The ?rst ?lter element includes on the piezoelectric 
substrate a ?rst longitudinally coupled resonator elastic Wave 
?lter portion and a second longitudinally coupled resonator 
elastic Wave ?lter portion Which are cascade connected and 
each of Which includes a second IDT, a ?rst IDT, and a third 
IDT Which are disposed in this order along an elastic Wave 
propagation direction. The ?rst IDT included in the ?rst lon 
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4 
gitudinally coupled resonator elastic Wave ?lter is connected 
to the input terminal, and the ?rst IDT included in the second 
longitudinally coupled resonator elastic Wave ?lter portion is 
connected to the ?rst reception output terminal. The second 
and third IDTs included in the ?rst longitudinally coupled 
resonator elastic Wave ?lter portion are electrically connected 
to the second and the third IDTs included in the second 
longitudinally coupled resonator elastic Wave ?lter portion, 
respectively. The second ?lter element includes a third lon 
gitudinally coupled resonator elastic Wave ?lter portion and a 
fourth longitudinally coupled resonator elastic Wave ?lter 
portion Which are cascade connected and each of Which 
includes a second IDT, a ?rst IDT, and a third IDT Which are 
disposed in this order along the elastic Wave propagation 
direction. The ?rst IDT included in the third longitudinally 
coupled resonator elastic Wave ?lter portion is connected to 
the input terminal, and the ?rst IDT included in the fourth 
longitudinally coupled resonator elastic Wave ?lter portion is 
connected to the second reception output terminal. The sec 
ond and third IDTs included in the third longitudinally 
coupled resonator elastic Wave ?lter portion are electrically 
connected to the second and third IDTs included in the fourth 
longitudinally coupled resonator elastic Wave ?lter portion, 
respectively. A phase of an output signal With respect to an 
input signal of the second ?lter element differs by about 180 
degrees from a phase of an input signal With respect to an 
output terminal of the ?rst ?lter element. 

In a second preferred embodiment of the present invention, 
a ?rst ?lter element and a second ?lter element are de?ned by 
the piezoelectric substrate and the IDTs. Each of the ?rst and 
second ?lter elements is a longitudinally coupled resonator 
?lter element including a second IDT, a ?rst IDT, and a third 
IDT Which are disposed in this order on the piezoelectric 
substrate along an elastic Wave propagation direction. A 
phase of an output signal With respect to an input signal of the 
second ?lter element differs by about 180 degrees from a 
phase of an output signal With respect to an input signal of the 
?rst ?lter element. Each of the second and third IDTs or the 
?rst IDT included in the ?rst ?lter element is connected to the 
input terminal, and the ?rst IDT or each of the second and 
third IDTs included in the ?rst ?lter element is connected to 
the ?rst reception output terminal. Each of the second and 
third IDTs or the ?rst IDT included in the second ?lter ele 
ment is connected to the input terminal, and the ?rst IDT or 
each of the second and third IDTs included in the second ?lter 
element is connected to the second reception output terminal. 

In a third preferred embodiment of the present invention, 
the reception ?lter is preferably a longitudinally coupled 
resonator ?lter element including an input terminal, ?rst and 
second reception output terminals, a piezoelectric substrate, 
fourth, second, ?rst, third, and ?fth IDTs Which are arranged 
in this order on the piezoelectric substrate along an elastic 
Wave propagation direction, and ?rst and second re?ectors, 
one of Which is disposed on one side of an area in Which the 
?rst to ?fth IDTs are disposed and the other one of Which is 
disposed on the other side of the area. The second IDT is 
about 180 degrees out of phase With the third IDT. The ?rst, 
fourth, and ?fth IDTs are connected to the input terminal, the 
second IDT is connected to the ?rst reception output terminal, 
and the third IDT is connected to the second reception output 
terminal. 

In a fourth preferred embodiment of the present invention, 
the reception ?lter is a longitudinally coupled resonator ?lter 
element including an input terminal, ?rst and second received 
signal output terminals, a piezoelectric substrate, fourth, sec 
ond, ?rst, third, and ?fth IDTs Which are arranged in this order 
on the piezoelectric substrate along an elastic Wave propaga 
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tion direction, and ?rst and second re?ectors, one of Which is 
disposed on one side of an area in Which the ?rst to ?fth IDTs 
are disposed and the other one of Which is disposed on the 
other side of the area. The second IDT is about 180 degrees 
out of phase With the third IDT. The second and third IDTs are 
connected to the input terminal. The ?rst IDT includes ?rst 
and second sub-IDT portions obtained by dividing the ?rst 
IDT in the elastic Wave propagation direction, the ?rst sub 
IDT portion and the fourth IDT are connected to the ?rst 
reception terminal, and the second sub-IDT portion and the 
?fth IDT are connected to the second reception output termi 
nal. 

In a ?fth preferred embodiment of the present invention, 
the reception ?lter includes an input terminal, ?rst and second 
reception output terminals, and ?rst and second longitudi 
nally coupled resonator elastic Wave ?lter elements Which are 
cascade connected. Each of the ?rst and second longitudi 
nally coupled resonator elastic Wave ?lter elements includes 
fourth, second, ?rst, third, and ?fth IDTs Which are arranged 
in this order on a pieZoelectric substrate along an elastic Wave 
propagation direction, and ?rst and second re?ectors betWeen 
Which the ?rst to ?fth IDTs are sandWiched. The second IDTs 
included in the ?rst and second longitudinally coupled reso 
nator elastic Wave ?lter elements are connected to each other. 
The third IDTs included in the ?rst and second longitudinally 
coupled resonator elastic Wave ?lter elements are connected 
to each other. In the ?rst longitudinally coupled resonator 
elastic Wave ?lter element, the second IDT is about 180 
degrees out of phase With the third IDT. The ?rst, fourth, and 
?fth IDTs included in the ?rst longitudinally coupled resona 
tor elastic Wave ?lter element are connected to the input 
terminal. The ?rst IDT included in the second longitudinally 
coupled resonator elastic Wave ?lter element includes ?rst 
and second sub-IDT portions obtained by dividing the ?rst 
IDT in the elastic Wave propagation direction. The ?rst sub 
IDT portion and the fourth IDT Which are included in the 
second longitudinally coupled resonator elastic Wave ?lter 
element are connected to the ?rst reception output terminal. 
The second sub-IDT portion and the ?fth IDT Which are 
included in the second longitudinally coupled resonator elas 
tic Wave ?lter element are connected to the second reception 
output terminal. 

In a sixth preferred embodiment of the present invention, 
the reception ?lter includes an input terminal, ?rst and second 
reception output terminals, and ?rst, second, third, and fourth 
longitudinally coupled resonator ?lter elements. A phase of 
an output signal With respect to an input signal of the ?rst 
longitudinally coupled resonator ?lter element being differ 
ent by about 180 degrees from that of the second longitudi 
nally coupled resonator ?lter element. A phase of an output 
signal With respect to an input signal of the third longitudi 
nally coupled resonator ?lter element is different by about 
180 degrees from that of the fourth longitudinally coupled 
resonator ?lter element. Each of the ?rst to fourth longitudi 
nally coupled resonator ?lter elements includes a plurality of 
IDTs and is connected to the input terminal via at least one of 
the plurality of IDTs. The IDTs of the ?rst to fourth longitu 
dinally coupled resonator ?lter elements Which are connected 
to the input terminal are connected in parallel to each other. 
The third longitudinally coupled resonator ?lter element is 
connected to the ?rst reception output terminal via another 
one of the plurality of IDTs, and the fourth longitudinally 
coupled resonator ?lter element is connected to the second 
reception output terminal via another one of the plurality of 
IDTs. The IDT of the third longitudinally coupled resonator 
?lter element Which is connected to the ?rst reception output 
terminal is connected in series to a corresponding one of the 
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6 
plurality of IDTs of the ?rst longitudinally coupled resonator 
?lter element. The IDT of the fourth longitudinally coupled 
resonator ?lter element Which is connected to the second 
reception output terminal is connected in series to a corre 
sponding one of the plurality of IDTs of the second longitu 
dinally coupled resonator ?lter element. 

In a seventh preferred embodiment of the present inven 
tion, the reception ?lter includes an input terminal, ?rst and 
second reception output terminals, a pieZoelectric substrate, 
and ?rst and second 3-IDT longitudinally coupled resonator 
elastic Wave ?lter portions provided on the pieZoelectric sub 
strate. The ?rst elastic Wave ?lter portion includes second, 
?rst, and third IDTs Which are arranged in this order along an 
elastic Wave propagation direction. The second elastic Wave 
?lter portion includes ?fth, fourth, and sixth IDTs Which are 
arranged in this order along the elastic Wave propagation 
direction. The input terminal is connected to the second and 
third IDTs of the ?rst elastic Wave ?lter portion and the ?fth 
and sixth IDTs of the second elastic Wave ?lter portion. Each 
of the ?rst IDT of the ?rst elastic Wave ?lter portion and the 
fourth IDT of the second elastic Wave ?lter portion includes 
?rst and second sub-IDT portions obtained by dividing the 
IDT in a cross Width direction substantially perpendicular to 
the elastic Wave propagation direction, the ?rst and second 
sub-IDT portions are electrically connected in series to each 
other, the second sub-IDT portion of the ?rst elastic Wave 
?lter portion is connected to the ?rst reception output termi 
nal, and the second sub-IDT portion of the second elastic 
Wave ?lterportion is connected to the second reception output 
terminal. The ?rst to sixth IDTs are arranged so that an elec 
tric signal passing through the ?rst reception output terminal 
is about 180 degrees out of phase With an electric signal 
passing through the second reception output terminal. 

In an eighth preferred embodiment of the present inven 
tion, the reception ?lter includes an input terminal, ?rst and 
second reception output terminals, a pieZoelectric substrate, 
and ?rst and second 3-IDT longitudinally coupled resonator 
elastic Wave ?lter portions provided on the pieZoelectric sub 
strate. The ?rst elastic Wave ?lter portion includes second, 
?rst, and third IDTs Which are arranged in this order along an 
elastic Wave propagation direction. The second elastic Wave 
?lter portion includes ?fth, fourth, and sixth IDTs Which are 
arranged in this order along the elastic Wave propagation 
direction. The input terminal is connected to the second and 
third IDTs of the ?rst elastic Wave ?lter portion and the ?fth 
and sixth IDTs of the second elastic Wave ?lter portion. Each 
of the ?rst IDT of the ?rst elastic Wave ?lter portion and the 
fourth IDT of the second elastic Wave ?lter portion includes 
?rst and second sub-IDT portions obtained by dividing the 
IDT in the elastic Wave propagation direction, the ?rst and 
second sub-IDT portions are electrically connected in series 
to each other, the ?rst sub-IDT portion of the ?rst elastic Wave 
?lter portion is connected to the ?rst reception output termi 
nal, and the ?rst sub-IDT portion of the second elastic Wave 
?lter portion is connected to the second reception output 
terminal. The ?rst to sixth IDTs are arranged so that an elec 
tric signal passing through the ?rst reception output terminal 
is about 180 degrees out of phase With an electric signal 
passing through the second reception output terminal. 

In a ninth preferred embodiment of the present invention, 
the reception ?lter includes an input terminal, ?rst and second 
reception output terminals, a pieZoelectric substrate, and ?rst 
and second 3-IDT longitudinally coupled resonator elastic 
Wave ?lter portions provided on the pieZoelectric substrate. 
The ?rst elastic Wave ?lter portion includes second, ?rst, and 
third IDTs Which are arranged in this order along an elastic 
Wave propagation direction. The second elastic Wave ?lter 
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portion includes ?fth, fourth, and sixth IDTs Which are 
arranged in this order along the elastic Wave propagation 
direction. The ?rst to sixth IDTs are arranged so that a phase 
difference betWeen an input signal and an output signal in the 
?rst elastic Wave ?lter portion differs by about 180 degrees 
from a phase difference betWeen an input signal and an output 
signal in the second elastic Wave ?lter portion. The ?rst and 
fourth IDTs are connected to the input terminal. The second 
and third IDTs of the ?rst elastic Wave ?lter portion are 
electrically connected in series to each other and are then 
connected to the ?rst reception output terminal. The ?fth and 
sixth IDTs of the second elastic Wave ?lter portion are elec 
trically connected in series to each other and are then con 
nected to the second reception output terminal. 

According to the ?rst to ninth preferred embodiments of 
the present invention, as described above, a reception ?lter 
de?ned by a balanced longitudinally coupled resonator elas 
tic Wave ?lter is provided Which has a ratio of output imped 
ance to input impedance that is greater than about one. 
Accordingly, if the reception ?lter is connected to a balanced 
input included in a subsequent stage, impedance matching 
can be easily achieved. 

According to the ?rst to ninth preferred embodiments of 
the present invention, the poWer handling performance is 
improved since the input terminal is connected in parallel to a 
plurality of IDTs or to a plurality of elastic Wave ?lter por 
tions. 

In a duplexer according to a preferred embodiment of the 
present invention, a signal line passing through at least one of 
signal lines used to cascade connect a plurality of longitudi 
nally coupled resonator elastic Wave ?lter portions is substan 
tially opposite in phase to an electric signal passing through 
the other ones of the signal lines. Accordingly, the amplitude 
balance and the phase balance betWeen the ?rst and second 
reception output terminals are improved. 

In a duplexer according to another preferred embodiment 
of the present invention, at least one resonator is further 
included. The resonator is connected in series betWeen the 
reception ?lter and a node at Which one end of the transmis 
sion ?lter and one end of the reception ?lter are connected to 
each other. In this case, the phase matching betWeen the 
transmission ?lter and the reception ?lter can be achieved. 
Accordingly, a transmission line or an element for phase 
matching, for example, an inductor or a capacitor, is not 
required. As a result, the mounting area can be reduced. 
A duplexer according to preferred embodiments of the 

present invention may include one of a surface acoustic Wave 
and an elastic boundary Wave as the elastic Wave. The longi 
tudinally coupled resonator elastic Wave ?lter and the one 
one-port elastic Wave resonator preferably utiliZe a surface 
acoustic Wave. HoWever, the longitudinally coupled resona 
tor elastic Wave ?lter and the one-port elastic Wave resonator 
can also utiliZe an elastic boundary Wave. 

In the ?rst to ninth preferred embodiments of the present 
invention, a duplexer includes a transmission ?lter having a 
ladder circuit con?guration and a reception ?lter. The recep 
tion ?lter includes a balanced elastic Wave ?lter device that 
includes an input terminal and ?rst and second reception 
output terminals. In the ?rst to ninth preferred embodiments 
of the present invention, the ratio of output impedance to 
input impedance of the reception ?lter is set to a value greater 
than about one. Accordingly, if the ?rst and second reception 
output terminals are connected to a balanced input included in 
a subsequent stage, impedance matching can be easily 
achieved. Furthermore, in the ?rst to ninth preferred embodi 
ments of the present invention, since the input terminal of the 
reception ?lter is connected in parallel to a plurality of IDTs 
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8 
or to a plurality of elastic Wave ?lter portions, the poWer 
handling performance can be improved. If a transmission 
?lter having a ladder circuit con?guration is used, a relatively 
large amount of electric poWer is likely to enter the reception 
?lter. HoWever, according to preferred embodiments of the 
present invention, a reliable duplexer is capable of preventing 
the reception ?lter from being damaged due to electric poWer 
supplied thereto. 

Other features, elements, steps, characteristics and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description of preferred embodi 
ments of the present invention With reference to the attached 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a ?rst preferred embodi 
ment of the present invention. 

FIG. 2 is a diagram illustrating transmission characteristics 
of reception ?lters that are individually included in a duplexer 
according to the ?rst preferred embodiment of the present 
invention and a duplexer in the related art. 

FIG. 3 is a schematic plan vieW illustrating an electrode 
structure of a duplexer in the related art having a transmission 
characteristic illustrated in FIG. 2 With a broken line. 

FIG. 4 is a diagram illustrating transmission characteristics 
of reception ?lters that are individually included in a duplexer 
according to the ?rst preferred embodiment of the present 
invention and a comparative example of a duplexer. 

FIG. 5 is a schematic plan vieW illustrating an electrode 
structure of a comparative example of a duplexer having a 
transmission characteristic illustrated in FIG. 4 With a broken 
line. 

FIG. 6 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a second preferred 
embodiment of the present invention. 

FIG. 7 is a schematic plan vieW illustrating an electrode 
structure of an exemplary modi?cation of a duplexer accord 
ing to the second preferred embodiment of the present inven 
tion. 

FIG. 8 is a schematic plan vieW illustrating an electrode 
structure of another exemplary modi?cation of a duplexer 
according to the second preferred embodiment of the present 
invention. 

FIG. 9 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a third preferred embodi 
ment of the present invention. 

FIG. 10 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a fourth preferred 
embodiment of the present invention. 

FIG. 11 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a ?fth preferred embodi 
ment of the present invention. 

FIG. 12 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a sixth preferred embodi 
ment of the present invention. 

FIG. 13 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a seventh preferred 
embodiment of the present invention. 

FIG. 14 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to an eighth preferred 
embodiment of the present invention. 

FIG. 15 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a ninth preferred embodi 
ment of the present invention. 
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FIG. 16 is a schematic plan vieW describing an example of 
a duplexer in the related art. 

FIG. 17 is a schematic plan vieW illustrating an exemplary 
electrode structure of a longitudinally coupled resonator sur 
face acoustic Wave ?lter in the related art. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention Will be 
described in detail beloW With reference to the accompanying 
draWings. 

First Preferred Embodiment 

FIG. 1 is a schematic plan vieW describing a circuit con 
?guration of a balanced duplexer according to the ?rst pre 
ferred embodiment of the present invention. A duplexer 1 
according to this preferred embodiment is preferably used in 
mobile telephones for CDMA800, for example. In 
CDMA800, a transmission frequency band is 824 to 849 
MHZ and a reception frequency band is 869 to 894 MHZ. 

In the balanced duplexer 1, an electrode structure illus 
trated in FIG. 1 is provided on a pieZoelectric substrate 2. The 
pieZoelectric substrate 2 is preferably a 420 Y-cut X-propa 
gation LiTaO3 substrate, for example. The material of a pieZo 
electric substrate is not particularly limited. A LiTaO3 sub 
strate having another cutting angle may be used. 
Alternatively, a pieZoelectric substrate made of another 
pieZoelectric material such as LiNbO3 may be used. 

The balanced duplexer 1 includes an antenna terminal 3 
connected to an antenna. The antenna terminal 3 is connected 
to a transmission ?lter 4 and a reception ?lter 5. The trans 
mission ?lter 4 is a ladder band-pass ?lter in Which a plurality 
of one-port surface acoustic Wave resonators are disposed on 
a pieZoelectric substrate. That is, the transmission ?lter 4 is a 
surface acoustic Wave ?lter device having a ladder circuit 
con?guration including a plurality of series arm resonators 
S1, S2, and S3 and a plurality of parallel arm resonators P1 
and P2. 

Although the transmission ?lter 4 has a circuit con?gura 
tion including three series arm resonators S1 to S3 and tWo 
parallel arm resonators P1 and P2 in this preferred embodi 
ment, the ladder circuit con?guration of the transmission 
?lter is not limited to this con?guration. That is, a ladder ?lter 
including any number of series arm resonators and any num 
ber of parallel arm resonators can be used as a transmission 
?lter. 

In any duplexer including a transmission ?lter having a 
ladder circuit con?guration and a reception ?lter, a relatively 
large amount of electric poWer is likely to enter the reception 
?lter from the transmission ?lter. 

The reception ?lter 5 is a balanced band-pass ?lter includ 
ing an input terminal 6, a ?rst reception output terminal 7, and 
a second reception output terminal 8. The input terminal 6 is 
connected to the antenna terminal 3. 

In the reception ?lter 5, one end of a one-port surface 
acoustic Wave resonator 9 is connected to the input terminal 6 
and the other end of the surface acoustic Wave resonator 9 is 
connected to one end of a ?rst ?lter element 11 and one end of 
a second ?lter element 12. Each of the ?rst ?lter element 11 
and the second ?lter element 12 includes a plurality of IDTs 
arranged on the pieZoelectric substrate 2 as illustrated in FIG. 
1. In the ?rst ?lter element 11, a ?rst longitudinally coupled 
resonator surface acoustic Wave ?lter portion 21 and a second 
longitudinally coupled resonator surface acoustic Wave ?lter 
portion 22 are cascade connected. The ?rst longitudinally 
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coupled resonator surface acoustic Wave ?lter portion 21 
includes a second IDT 21b, a ?rst IDT 21a, and a third IDT 
210 Which are arranged in this order along a surface acoustic 
Wave propagation direction. A re?ector 21d is disposed on 
one side of an area in Which the ?rst to third IDTs 21a to 210 
are disposed in the surface acoustic Wave propagation direc 
tion, and a re?ector 21e is disposed on the other side of the 
area. 

A second longitudinally coupled resonator surface acous 
tic Wave ?lter portion 22 has substantially the same structure 
as the ?rst longitudinally coupled resonator surface acoustic 
Wave ?lter portion 21 including a second IDT 22b, a ?rst IDT 
2211, a third IDT 22c, and re?ectors 22d and 22e. The second 
IDT 22b, the ?rst IDT 22a, and the third IDT 220 are arranged 
in this order along the surface acoustic Wave propagation 
direction. 
One end of the center IDT 21a of the ?rst longitudinally 

coupled resonator surface acoustic Wave ?lter portion 21 is 
connected to the input terminal 6 via the one-port surface 
acoustic Wave resonator 9. One end of the center IDT 22a of 
the second longitudinally coupled resonator surface acoustic 
Wave ?lter portion 22 is connected to the ?rst reception output 
terminal 7. The second IDTs 21b and 22b are connected to 
each other via a signal line 23 and the third IDTs 21c and 220 
are connected to each other via a signal line 24, Whereby the 
?rst longitudinally coupled resonator surface acoustic Wave 
?lter portion 21 and the second longitudinally coupled reso 
nator surface acoustic Wave ?lter portion 22 are cascade con 
nected. 
The second ?lter element 12 preferably has substantially 

the same structure as that of the ?rst ?lter element 11, and 
includes a third longitudinally coupled resonator surface 
acoustic Wave ?lter portion 25 and a fourth longitudinally 
coupled resonator surface acoustic Wave ?lter portion 26 
Which are cascade connected. The third longitudinally 
coupled resonator surface acoustic Wave ?lter portion 25 
includes a second IDT 25b, a ?rst IDT 25a, and a third IDT 
250, Which are arranged in this order along a surface acoustic 
Wave propagation direction, and re?ectors 25d and 25e. The 
fourth longitudinally coupled resonator surface acoustic 
Wave ?lter portion 26 includes a second IDT 26b, a ?rst IDT 
26a, and a third IDT 260, Which are arranged in this order 
along the surface acoustic Wave propagation direction, and 
re?ectors 26d and 26e. One end of the ?rst IDT 25a, Which is 
the center IDT of the third longitudinally coupled resonator 
surface acoustic Wave ?lter portion 25, is connected to the 
input terminal 6 via the one-port surface acoustic Wave reso 
nator 9. One end of the ?rst IDT 26a, Which is the center IDT 
of the fourth longitudinally coupled resonator surface acous 
tic Wave ?lterportion 26, is connected to the second reception 
output terminal 8. The second IDTs 25b and 26b are electri 
cally connected to each other via a signal line 27 and the third 
IDTs 25c and 260 are electrically connected to each other via 
a signal line 28, Whereby the third longitudinally coupled 
resonator surface acoustic Wave ?lter portion 25 and the 
fourth longitudinally coupled resonator surface acoustic 
Wave ?lter portion 26 are cascade connected. 

Signals passing through the signal lines 23 and 27 are 
substantially in phase With each other, and signals passing 
through the signal lines 24 and 28 are substantially in phase 
With each other. HoWever, the phase of an output signal With 
respect to an input signal in the fourth longitudinally coupled 
resonator surface acoustic Wave ?lter portion 26 differs by 
about 1800 from the phase of an output signal With respect to 
an input signal in the second longitudinally coupled resonator 
surface acoustic Wave ?lter portion 22. That is, the ?rst IDT 
26a is about 1800 out of phase With the ?rst IDT 22a.Accord 
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ingly, a pair of balanced output signals can be obtained from 
the ?rst reception output terminal 7 and the second reception 
output terminal 8. 

In this preferred embodiment of the present invention, a 
signal passing through one of signal lines used for the cascade 
connection is about 180° out of phase With a signal passing 
through the other one of the signal lines. More speci?cally, in 
the ?rst ?lter element 11, an electric signal passing through 
the signal line 23 is about 180° out of phase With an electric 
signal passing through the signal line 24. In the second ?lter 
element 12, an electric signal passing through the signal line 
27 is about 180° out of phase With an electric signal passing 
through the signal line 28. Accordingly, the electrode ?ngers 
adjacent to each other betWeen the ?rst IDT 22a and the 
second and third IDTs 22b, 220 on both sides of the ?rst IDT 
22a have substantially the same polarity arrangement as the 
electrode ?ngers adjacent to each other betWeen the ?rst IDT 
26a and the second and third IDTs 26b, 260 on both sides of 
the ?rst IDT 26a. The ?rst IDT 26a is the center IDT of the 
second longitudinally coupled resonator surface acoustic 
Wave ?lter portion 22 and the ?rst IDT 26a is the center IDT 
of the fourth longitudinally coupled resonator surface acous 
tic Wave ?lter portion 26. Here, each of the longitudinally 
coupled resonator surface acoustic Wave ?lterportions 22 and 
26 is located at a subsequent stage in the cascade connection 
structure. Consequently, the phase balance and the amplitude 
balance betWeen the ?rst reception output terminal 7 and the 
second reception output terminal 8 is improved. This prevents 
the deterioration of isolation betWeen the transmission ?lter 4 
and the reception ?lter 5 due to the deterioration of the phase 
balance and the amplitude balance, such that the isolation is 
improved. 

In this preferred embodiment of the present invention, 
since the one-port surface acoustic Wave resonator 9 is con 
nected in series betWeen the input terminal 6 and each of the 
?rst ?lter element 11 and the second ?lter element 12, the 
phase matching betWeen the transmission ?lter 4 and the 
reception ?lter 5 can be easily obtained. That is, in order to 
share a terminal betWeen tWo ?lters, the impedance of one 
?lter in the passband of the other ?lter is preferably in?nity. In 
this preferred embodiment, as described above, the one-port 
surface acoustic Wave resonator 9 is connected in series 
betWeen the input terminal 6 and each of the ?rst ?lter ele 
ment 11 and the second ?lter element 12 in the reception ?lter 
5. In this case, the impedance of the reception ?lter 5 is 
increased in the pas sband of the transmission ?lter 4. Accord 
ingly, by appropriately setting the capacitance value of the 
surface acoustic Wave resonator 9, the phase matching 
betWeen the transmission ?lter 4 and the reception ?lter 5 can 
be achieved Without using an impedance matching transmis 
sion line or another phase matching element, for example, an 
inductor or a capacitor. Consequently, the siZe and required 
mounting area of a duplexer can be reduced. This enables a 
mobile telephone including the duplexer 1 to be miniaturized. 

In the duplexer 1 according to this preferred embodiment 
of the present invention, since the transmission ?lter 4 has a 
ladder circuit con?guration, a relatively large amount of elec 
tric poWer is likely to enter the reception ?lter 5. In the 
reception ?lter 5, hoWever, the input terminal 6 is connected 
in parallel to the ?rst ?lter element 11 and the second ?lter 
element 12, the ?rst ?lter element 11 includes the ?rst longi 
tudinally coupled resonator surface acoustic Wave ?lter por 
tion 21 and the second longitudinally coupled resonator sur 
face acoustic Wave ?lter portion 22 Which are cascade 
connected, and the second ?lter element 12 includes the third 
longitudinally coupled resonator surface acoustic Wave ?lter 
portion 25 and the fourth longitudinally coupled resonator 
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12 
surface acoustic Wave ?lter portion 26 Which are cascade 
connected. Thus, the poWer handling performance of the 
reception ?lter 5 is improved. Accordingly, the reception ?lter 
5 is prevented from being damaged by the electric poWer 
supplied from the transmission ?lter 4. 

Next, the transmission characteristic of a duplexer accord 
ing to this preferred embodiment Will be described With ref 
erence to concrete examples of an experiment. 
The duplexer 1 Was designed such that the impedance of 

the antenna terminal 3 Was set to about 509 and the imped 
ance of the ?rst reception output terminal 7 and the second 
reception output terminal 8 Was set to about 2009. Referring 
to FIG. 2, a solid line denotes the characteristic of transmis 
sion from the antenna terminal 3 to each of the ?rst reception 
output terminal 7 and the second reception output terminal 8, 
and a broken line denotes the phase characteristic of a 
duplexer in the related art illustrated in FIG. 3. In a duplexer 
31 in the related art illustrated in FIG. 3, a transmission ?lter 
34 is substantially the same as the transmission ?lter 4. Simi 
lar to the ?rst preferred embodiment of the present invention, 
in a reception ?lter 35, the input terminal 6 is connected in 
parallel to the longitudinally coupled resonator surface 
acoustic Wave ?lter portions 21 and 25. HoWever, the recep 
tion ?lter 35 differs from a reception ?lter according to the 
?rst preferred embodiment in that they include different 
structures to provide a balanced-to-unbalanced conversion 
function. That is, one end of the center IDT included in a 
second longitudinally coupled resonator surface acoustic 
Wave ?lter portion 22A and one end of the center IDT 
included in a fourth longitudinally coupled resonator surface 
acoustic Wave ?lter portion 26A are connected to each other 
and are then connected to the ?rst reception output terminal 7. 
The other ends of the center IDTs are connected to each other 
and are then electrically connected to the second reception 
output terminal 8. In the duplexer in the related art, as illus 
trated by the broken line in FIG. 2, a large ripple Was gener 
ated in a passband. In contrast, in a duplexer according to the 
?rst preferred embodiment of the present invention, the gen 
eration of a ripple Was effectively prevented. 

Next, FIG. 4 illustrates the transmission characteristic of a 
duplexer according to the ?rst preferred embodiment using a 
solid line and the transmission characteristic of a comparative 
example illustrated in FIG. 5 using a broken line. 
As shoWn in FIG. 5, in a reception ?lter 1205 included in a 

duplexer 1201 of a comparative example, longitudinally 
coupled resonator surface acoustic Wave ?lter portions 1206 
and 1207 are cascade connected to the one-port surface 
acoustic Wave resonator 9. The longitudinally coupled reso 
nator surface acoustic Wave ?lter portions 1206 and 1207 are 
substantially the same as the longitudinally coupled resonator 
surface acoustic Wave ?lter 1021 in the related art illustrated 
in FIG. 17. Other than this difference, the duplexer 1201 has 
substantially the same structure as that of the duplexer 1. 
As shoWn in FIG. 4, according to the ?rst preferred 

embodiment of the present invention, a maximum insertion 
loss of about 0.5 dB less than that of the duplexer 1201 of the 
above-described comparative example, can be obtained in a 
passband. The reason for this is that substantially the same 
impedance ratio can be achieved With about half of the cross 
Width of IDTs since the ?rst ?lter element 11 and the second 
?lter element 12 are connected in parallel to each other, and a 
loss caused by the resistance of electrode ?ngers can be 
reduced. Therefore, according to the ?rst preferred embodi 
ment, a duplexer is provided Which includes a loW-loss recep 
tion ?lter. 

Furthermore, in the duplexer 1201 of the above-described 
comparative example, the reception ?lter 1205 is easily dam 
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aged since electric power supplied from the transmission 
?lter 4 cannot be distributed. In contrast, in the ?rst preferred 
embodiment, since electric poWer entering the ?rst ?lter ele 
ment 11 and the second ?lter element 12 is distributed, the 
poWer handling performance is effectively improved. 

Therefore, according to the ?rst preferred embodiment of 
the present invention, a loW-loss duplexer is provided Which 
includes a reception ?lter having a balanced-to-unbalanced 
conversion function and improved poWer handling perfor 
mance. 

The transmission ?lter 4 and the reception ?lter 5 are 
preferably provided on a single pieZoelectric substrate. HoW 
ever, the transmission ?lter 4 and the reception ?lter 5 may be 
provided on different pieZoelectric substrates; and the output 
terminal of the transmission ?lter 4, the input terminal of the 
reception ?lter 5, and the antenna terminal 3 may be con 
nected to each other in a package. 

Second Preferred Embodiment 

FIG. 6 is a plan vieW illustrating an electrode structure of a 
duplexer according to a second preferred embodiment of the 
present invention. A duplexer 41 is substantially the same as 
the duplexer 1 according to the ?rst preferred embodiment 
except for a reception ?lter 45. 

In the reception ?lter 45, the one-port surface acoustic 
Wave resonator 9 is connected to an input terminal 46, and is 
connected in parallel to a ?rst ?lter element 51 and a second 
?lter element 52. The ?rst ?lter element 51 is a longitudinally 
coupled resonator surface acoustic Wave ?lter element 
including a second IDT 51b, a ?rst IDT 51a, and a third IDT 
510 Which are arranged in this order along a surface acoustic 
Wave propagation direction. The second ?lter element is also 
a longitudinally coupled resonator surface acoustic Wave ?l 
ter element including a second IDT 52b, a ?rst IDT 52a, and 
a third IDT 520 Which are arranged in this order along the 
surface acoustic Wave propagation direction. 

In the second preferred embodiment, the phase of an output 
signal With respect to an input signal in the second ?lter 
element 52 differs by about 180° from the phase of an output 
signal With respect to an input signal in the ?rst ?lter element 
51 so as to provide a balanced-to-unbalanced conversion 
function. More speci?cally, the ?rst IDT 51a is substantially 
opposite in phase to the ?rst IDT 5211 so as to provide a 
balanced-to-unbalanced conversion function. 

The second IDT 51b and the third IDT 510 are connected to 
the input terminal 46 via the surface acoustic Wave resonator 
9. The second IDT 52b and the third IDT 520, Which are 
included in the second ?lter element 52, are connected to the 
input terminal 46 via the surface acoustic Wave resonator 9. 
One end of the ?rst IDT 51a of the ?rst ?lter element 51 is 
connected to the ?rst reception output terminal 7, and one end 
of the ?rst IDT 52a of the second ?lter element 52 is con 
nected to the second reception output terminal 8. 

Similar to the ?rst preferred embodiment, in the second 
preferred embodiment of the present invention, the ?rst ?lter 
element 51 and the second ?lter element 52, Which are ?rst 
and second longitudinally coupled resonator surface acoustic 
Wave ?lter elements, respectively, are connected in parallel to 
the input terminal 46. Accordingly, even if electric poWer 
enters the reception ?lter 45 from the transmission ?lter 4 
having a ladder circuit con?guration, the reception ?lter 45 
having the improved poWer handling performance is not dam 
aged. 

Since the balanced-to-unbalanced conversion function is 
achieved as described above, a ratio of output impedance to 
input impedance can be set to a value greater than about one. 
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14 
That is, if an input impedance is set to about one, an output 
impedance having a value greater than about one can be 
obtained. Accordingly, When the ?rst reception output termi 
nal 7 and the second reception output terminal 8 are con 
nected to a balanced input located at a subsequent stage, 
impedance matching can be easily achieved. 

Since the value of the ratio of output impedance to input 
impedance is about four, a loW-loss duplexer 41 is provided. 
In the second preferred embodiment, series Weighting is per 
formed upon either end of the ?rst IDT 52a in a surface 
acoustic Wave propagation direction so as to prevent deterio 
ration of the amplitude balance and the phase balance 
betWeen the ?rst reception output terminal 7 and the second 
reception output terminal 8. With a structure in Which the ?rst 
IDT 52a and the ?rst IDT 51a have substantially opposite 
polarities, the relationship of the polarities of electrode ?n 
gers adjacent to each other among the center IDT and IDTs on 
the either side of the center IDT in the ?rst ?lter element 51 is 
different from the relationship betWeen the polarities of elec 
trode ?ngers adjacent to each other among the center IDT and 
IDTs on the either side of the center IDT in the second ?lter 
element 52. As a result, the amplitude balance and the phase 
balance betWeen the ?rst reception output terminal 7 and the 
second reception output terminal 8 are deteriorated. That is, 
by performing series Weighting, the relationship of polarities 
of adjacent electrode ?ngers among the center IDT 5211, the 
second IDT 52b on one side of the center IDT 52a, and the 
third IDT 520 on the other side of the center IDT 52a in the 
second ?lter element 52 may be closer to the relationship of 
polarities of adj acent electrode ?ngers among the center IDT 
5111, the second IDT 51b on one side of the center IDT 51a, 
and the third IDT 510 on the other side of the center IDT 51a 
in the second ?lter element 52 . As a result, the deterioration of 
the amplitude balance and the phase balance is prevented. 

Referring to FIG. 6, the second IDT 51b, the third IDT 510, 
the second IDT 52b, and the third IDT 520 are connected to 
the input terminal 46. HoWever, the center IDTs 51a and 52b 
may be connected to the input terminal 46. In this case, the 
second IDT 51b and the third IDT 510 may be connected to 
each other and then be connected to the ?rst reception output 
terminal 7, and the second IDT 52b and the third IDT 520 may 
be connected to each other and then be connected to the 
second reception output terminal 8. 

FIG. 7 illustrates an exemplary modi?cation of the 
duplexer 41 according to the second preferred embodiment of 
the present invention. In a duplexer 61 of an exemplary modi 
?cation, each of a ?rst ?lter element 62 and a second ?lter 
element 63 is a S-IDT longitudinally coupled resonator sur 
face acoustic Wave ?lter element. Thus, the ?rst ?lter element 
62 and the second ?lter element 63 may be a 5-IDT longitu 
dinally coupled resonator surface acoustic Wave ?lter ele 
ment, as an alternative to the 3-IDT longitudinally coupled 
resonator surface acoustic Wave ?lter element according to 
the second preferred embodiment of the present invention. 

FIG. 8 is a schematic plan vieW illustrating a duplexer 71 
that is another exemplary modi?cation of the duplexer 41. 

In a ?rst ?lter element 72 included in the duplexer 71, a 
plurality of 3-IDT longitudinally coupled resonator surface 
acoustic Wave ?lters 72a and 72b are connected in parallel to 
each other. In a second ?lter element 73 included in the 
duplexer 71, a plurality of 3-IDT longitudinally coupled reso 
nator surface acoustic Wave ?lters 73a and 73b are similarly 
connected in parallel to each other. Thus, each of the ?rst and 
second ?lter elements may be con?gured such that a plurality 
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of longitudinally coupled resonator surface acoustic Wave 
?lters are connected in parallel to each other. 

Third Preferred Embodiment 

FIG. 9 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to the third embodiment of 
the present invention. A duplexer 81 is substantially the same 
as the duplexer 1 according to the ?rst preferred embodiment 
except that a reception ?lter 82 is different from the reception 
?lter 5. 

The reception ?lter 82 includes an input terminal 83, the 
?rst reception output terminal 7, and the second reception 
output terminal 8. The input terminal 83 is connected to one 
end of the one-port surface acoustic Wave resonator 9. The 
other end of the one-port surface acoustic Wave resonator 9 is 
connected to a S-IDT longitudinally coupled resonator ?lter 
element 84. The 5-IDT longitudinally coupled resonator ?lter 
element 84 includes a fourth IDT 84d, a second IDT 84b, a 
?rst IDT 8411, a third IDT 84c, and a ?fth IDT 84e Which are 
arranged in this order on a piezoelectric substrate along a 
surface acoustic Wave propagation direction. A ?rst re?ector 
84fis disposed on one side of an area in Which the lDTs 84a 
to 84e are disposed, and a second re?ector 84g is disposed on 
the other side of the area. 

The second IDT 84b is about 1800 out of phase With the 
third IDT 840. Accordingly, a pair of balanced outputs can be 
obtained from the ?rst reception output terminal 7 connected 
to the second IDT 84b and the second reception output ter 
minal 8 connected to the third IDT 84c. 

Ends of the ?rst IDT 8411, the fourth IDT 84d, and the ?fth 
IDT 84e are connected to each other and are then connected to 
the input terminal 83 via the one-port surface acoustic Wave 
resonator 9. 

Similar to the above-described preferred embodiments, in 
the third preferred embodiment of the present invention, the 
ratio of an input impedance to an output impedance prefer 
ably is about 1:4, for example. Accordingly, When the recep 
tion ?lter is connected to a balanced input included in a 
subsequent stage, impedance matching can be easily 
achieved. Furthermore, since the total number of pairs of 
electrode ?ngers in the 5-IDT longitudinally coupled resona 
tor surface acoustic Wave ?lter element 84 is greater than the 
total number of pairs of electrode ?ngers in a 3-IDT longitu 
dinally coupled resonator surface acoustic Wave ?lter, the 
cross Width can be reduced. As a result, a loWer loss can be 
achieved. Since the input terminal 83 is connected in parallel 
to three lDTs 84a, 84d, 84e, electric poWer supplied from the 
transmission ?lter 4 is effectively distributed. Thus, the poWer 
handling performance is effectively improved. 

Fourth Preferred Embodiment 

FIG. 10 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to the fourth preferred 
embodiment of the present invention. 
A duplexer 91 according to the fourth preferred embodi 

ment is substantially the same as the duplexer 1 except that the 
structure of a reception ?lter 92 is different from that of the 
reception ?lter 5. In the reception ?lter 92, an input terminal 
93 is connected to one end of the one-port surface acoustic 
Wave resonator 9. The other end of the one-port surface acous 
tic Wave resonator 9 is connected to a longitudinally coupled 
resonator surface acoustic Wave ?lter element 94. The longi 
tudinally coupled resonator surface acoustic Wave ?lter ele 
ment 94 is a 5-IDT longitudinally coupled resonator surface 
acoustic Wave ?lter element including a fourth IDT 94d, a 
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1 6 
second IDT 94b, a ?rst IDT 94a, a third IDT 94c, and a ?fth 
IDT 94e Which are arranged in this order on a piezoelectric 
substrate along a surface acoustic Wave propagation direc 
tion. A ?rst re?ector 94f is disposed on one side of an area in 
Which the lDTs 94a to 94e are disposed, and a second re?ec 
tor 94g is disposed on the other side of the area. 
One end of the second IDT 94b and one end of the third IDT 

940 are connected to each other and are then connected to the 
input terminal 93 via the one-port surface acoustic Wave 
resonator 9. The ?rst IDT 94a de?ning the center IDT 
includes a ?rst sub-IDT portion 94111 and a second sub-IDT 
portion 94112 Which are obtained by dividing the ?rst IDT 94a 
in the surface acoustic Wave propagation direction. The sec 
ond sub-IDT portion 94111 and the fourth IDT 94d are con 
nected to each other and are then connected to the ?rst recep 
tion output terminal 7. The second sub-IDT portion 94112 and 
the ?fth IDT 94e are connected to each other and are then 
connected to the second reception output terminal 8. 

Similar to the above-described preferred embodiments, in 
the fourth preferred embodiment of the present invention, the 
ratio of an input impedance to an output impedance can also 
be set to about 1:4 in the reception ?lter 92. Therefore, the 
impedance matching betWeen the reception ?lter 92 and a 
balanced input included in a subsequent stage can be easily 
achieved. Similar to the third preferred embodiment, in the 
fourth preferred embodiment, the S-IDT longitudinally 
coupled resonator surface acoustic Wave ?lter element 94 is 
provided. Accordingly, a loss can be similarly reduced. 

Similar to the above-described preferred embodiments, in 
the fourth preferred embodiment, the input terminal 93 is 
connected in parallel to a plurality of lDTs, that is, the lDTs 
94b and 940. Accordingly, the poWer handling performance 
can be similarly improved. 

Fifth Preferred Embodiment 

FIG. 11 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to a ?fth preferred embodi 
ment of the present invention. 
A duplexer 101 according to the ?fth preferred embodi 

ment is substantially the same as the duplexer 1 according to 
the ?rst preferred embodiment except that the structure of a 
reception ?lter 102 is different from that of the reception ?lter 
5. The reception ?lter 102 includes an input terminal 103, the 
?rst reception output terminal 7, and the second reception 
output terminal 8. The input terminal 103 is connected to one 
end of the one-port surface acoustic Wave resonator 9. The 
other end of the one-port surface acoustic Wave resonator 9 is 
connected to one end of a ?rst S-IDT surface acoustic Wave 
?lter element 104. The ?rst surface acoustic Wave ?lter ele 
ment 104 includes a fourth IDT 104d, a second IDT 104b, a 
?rst IDT 10411, a third IDT 1040, and a ?fth IDT 104e Which 
are arranged in this order along a surface acoustic Wave 
propagation direction. A ?rst re?ector 104f is disposed on one 
side of an area in Which the lDTs 10411 to 104e are disposed, 
and a second re?ector 104g is disposed on the other side of the 
area. One ends of the ?rst IDT 10411, the fourth IDT 104d, and 
the ?fth IDT 104e are connected to each other and are then 
connected to the input terminal 103 via the one-port surface 
acoustic Wave resonator 9. The ?rst longitudinally coupled 
resonator surface acoustic Wave ?lter element 104 is con 
nected to a second surface acoustic Wave ?lter element 105 
that is located at the subsequent stage of the ?rst longitudi 
nally coupled resonator surface acoustic Wave ?lter element 
104. The second surface acoustic Wave ?lter element 105 
includes a fourth IDT 105d, a second IDT 105b, a ?rst IDT 
10511, a third IDT 1050, and a ?fth IDT 105e Which are 
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arranged in this order along the surface acoustic Wave propa 
gation direction. A ?rst re?ector 105f is disposed on one side 
of an area in Which the IDTs 10511 to 105e are disposed, and 
a second re?ector 105g is disposed on the other side of the 
area. 

In the ?fth preferred embodiment of the present invention, 
the second IDT 10519 and the third IDT 1050 are connected to 
the second IDT 10419 and the third IDT 1040, Which are 
included in the ?rst surface acoustic Wave ?lter element 104, 
via a signal line 106 and a signal line 107, respectively, 
Whereby the ?rst surface acoustic Wave ?lter element 104 and 
the second surface acoustic Wave ?lter element 105 are cas 
cade connected. 

The ?rst IDT 10511 includes a ?rst sub-IDT portion 105111 
and a second sub-IDT portion 105112 Which are obtained by 
dividing the ?rst IDT 10511 in the surface acoustic Wave 
propagation direction. One end of the ?rst sub-IDT portion 
105111 and one end of the fourth IDT 10511 are connected to 
each other and are then connected to the ?rst reception output 
terminal 7. One end of the second sub-IDT portion 105112 and 
one end of the ?fth IDT 105e are connected to each other and 
are then connected to the second reception output terminal 8. 

Similar to the above-described preferred embodiments, in 
the ?fth preferred embodiment, the ratio of an impedance on 
the side of the input terminal 103 to an output impedance on 
the side of the ?rst reception output terminal 7 and the second 
reception output terminal 8 can also be set to about 1:4. 
Therefore, When the reception ?lter is connected to a bal 
anced input included in a subsequent stage, impedance 
matching can be easily achieved. 

Since the S-IDT surface acoustic Wave ?lter elements 104 
and 105 are used, the cross Width of electrode ?ngers can 
preferably be reduced. Accordingly, a loss can be reduced. 

Furthermore, similar to the above-described preferred 
embodiments, in the ?fth preferred embodiment, the input 
terminal 103 is connected to a plurality of IDTs 10411, 10411, 
and 104e. Accordingly, the poWer handling performance can 
be similarly improved. 

In addition, in the ?fth preferred embodiment of the present 
invention, a signal passing through the signal line 106 is 
substantially opposite in phase to a signal passing through the 
signal line 107. Accordingly, the amplitude balance and the 
phase balance betWeen the ?rst reception output terminal 7 
and the second reception output terminal 8 can be improved. 

Series Weighting is performed upon both ends of the IDT 
1040 in the surface acoustic Wave propagation direction so as 
to prevent the deterioration of the balance betWeen the recep 
tion output terminals 7 and 8 as described With respect to the 
IDT 840. 

Sixth Preferred Embodiment 

FIG. 12 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to the sixth preferred 
embodiment of the present invention. 

In a duplexer 111 according to the sixth preferred embodi 
ment, a reception ?lter 1 12 includes an input terminal 1 13, the 
?rst reception output terminal 7, and the second reception 
output terminal 8. The input terminal 113 is connected to one 
end of the one-port surface acoustic Wave resonator 9. The 
other end of the one-port surface acoustic Wave resonator 9 is 
connected to a ?rst ?lter element 114, a second ?lter element 
115, a third ?lter element 116, and a fourth ?lter element 117. 
Each of the ?rst ?lter element 114 to the fourth ?lter element 
117 is a 3-IDT longitudinally coupled resonator surface 
acoustic Wave ?lter element including re?ectors and three 
IDTs Which are arranged along a surface acoustic Wave 
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propagation direction. That is, the ?rst ?lter element 114 
includes a second IDT 114b, a ?rst IDT 11411, a third IDT 
1140, and re?ectors 11411 and 114e, the second ?lter element 
115 includes a second IDT 115b, a ?rst IDT 11511, a third IDT 
1150, and re?ectors 11511 and 115e, the third ?lter element 
116 includes a second IDT 116b, a ?rst IDT 11611, a third IDT 
1160, and re?ectors 11611 and 116e, and the fourth ?lter 
element 117 includes a second IDT 117b, a ?rst IDT 11711, a 
third IDT 1170, and re?ectors 11711 and 117e. 
The input terminal 113 is connected to ends of the second 

IDTs 11419 to 11719 and the third IDTs 1140 to 1170. One end 
of the ?rst IDT 11411 de?ning the center IDT of the ?rst ?lter 
element 114 is connected to one end of the ?rst IDT 11611 
de?ning the center IDT of the third ?lter element 1 1 6, and the 
other end of the ?rst IDT 11611 is connected to the ?rst recep 
tion output terminal 7. One end of the ?rst IDT 11511 de?ning 
the center IDT of the second ?lter element 115 is connected to 
one end of the ?rst IDT 11711 de?ning the center IDT of the 
fourth ?lter element 117, and the other end of the ?rst IDT 
11711 is connected to the second reception output terminal 8. 
The IDTs 11511 and 11711 have substantially opposite 

phases to the IDTs 11411 and 11611. Accordingly, a pair of 
balanced output signals are obtained from the ?rst reception 
output terminal 7 and the second reception output terminal 8. 
Series Weighting is performed upon both ends of each of the 
IDTs 11511 and 11711 in the surface acoustic Wave propagation 
direction so as to prevent a deterioration of the balance 
betWeen the ?rst reception output terminal 7 and the second 
reception output terminal 8 as described With respect to the 
IDT 840 according to the third preferred embodiment. 

Similar to the above-described preferred embodiments, in 
the sixth preferred embodiment, the input terminal 113 is 
connected in parallel to a plurality of IDTs 114b, 1140, 115b, 
1150, 116b, 1160, 117b, and 1170, such that the poWer han 
dling performance can be effectively improved. 

In the sixth preferred embodiment, the ratio of an input 
impedance to an output impedance can be set to about 1 : 16 in 
the reception ?lter 112. Thus, the ratio of output impedance to 
input impedance can be further increased. 

Furthermore, since the ?rst ?lter element 114 to the fourth 
?lter element 117 are connected in parallel to each other, a 
loss can be reduced. 

In the sixth preferred embodiment, the second IDTs 11419 
to 11719 and the third IDTs 1140 to 1170 are connected to the 
input terminal 113. HoWever, the IDTs 11419 and 1140 may be 
connected in series to the IDTs 11619 and 1160, respectively, 
and ends of the IDTs 11619 and 1160 may be connected to each 
other and then be connected to the ?rst reception output 
terminal 7. Furthermore, the IDTs 11519 and 1150 may be 
connected in series to the IDTs 11719 and 1170, respectively, 
and one ends of the IDTs 11719 and 1170 may be connected to 
each other and then be connected to the second reception 
output terminal 8. In this case, the input terminal 113 may be 
connected to the ?rst IDTs 11411 to 11711. 

Seventh Preferred Embodiment 

FIG. 13 is a schematic plan vieW illustrating an electrode 
structure of a duplexer according to the seventh preferred 
embodiment of the present invention. In a duplexer 121 
according to the seventh preferred embodiment, a reception 
?lter 122 includes an input terminal 123, the ?rst reception 
output terminal 7, and the second reception output terminal 8. 
The input terminal 123 is connected to one end of the one-port 
surface acoustic Wave resonator 9. The other end of the one 
port surface acoustic Wave resonator 9 is connected to a ?rst 
?lter element 124 and a second ?lter element 125. The ?rst 






